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Abstract 
 
 Thermally activated hydrotalcite based upon a Zn/Al hydrotalcite with 
carbonate in the interlayer has been used to remove nitrate anions from an aqueous 
solution resulting in the reformation of a hydrotalcite with a mixture of nitrate and 
carbonate in the interlayer.  X-ray diffraction of the reformed hydrotalcites with a 
d(003) spacing of 7.60 Å shows that the nitrate anion is removed within a 30 minute 
period. Raman spectroscopy shows that two types of nitrate anions exist in the 
reformed hydrotalcite (a) nitrate bonded to the ‘brucite-like’ hydrotalcite surface and 
(b) aquated nitrate anion in the interlayer. Kinetically the nitrate is replaced by the 
carbonate anion over a 21 hour period. Two types of carbonate anions are observed. 
This research shows that the reformation of a thermally activated hydrotalcite can be 
used to remove anions such as nitrate from aqueous systems. 
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INTRODUCTION 
 
 Hydrotalcites, also known as layered double hydroxides (LDH’s) or ionic 
clays are based upon the brucite [Mg(OH)2] structure in which some of the divalent 
cations are replaced by trivalent cations (eg Al or Fe) resulting in a layer charge. This 
layer charge is counterbalanced by anions such as carbonate or sulphate in the 
interlayer.  In hydrotalcites a broad range of compositions are possible of the type 
[M2+1-xM3+x(OH)2][An-]x/n.yH2O, where M2+ and M3+ are the di- and trivalent cations 
in the octahedral positions within the hydroxide layers with x normally between 0.17 
and 0.33. An- is an exchangeable interlayer anion [1].   
 
 There are many other important uses of hydrotalcites such as in the removal of 
environmental hazards in acid mine drainage [2, 3], and a mechanism for the disposal 
of radioactive wastes [4].  Among the many uses is the removal of toxic anions from 
aqueous systems. Recent studies have shown that LDH’s can have a so-called 
‘memory effect’ whereby if a hydrotalcite can be thermally activated by removing the 
water, hydroxyl and carbonate units from the structure the decomposed hydrotalcite 
will return to its original structure through the uptake of water and carbonate units [5].  
This so-called memory or restoration effect can be used to absorb anions from an 
aqueous solution.  Such anions maybe toxic or hazardous and the effect of using 
thermally activated hydrotalcites can be used to purify water. Nitrate anions in water 
are quite harmful in the food and drinks of young children and can be quite toxic.  In 
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this work we study the uptake of nitrate anions by a thermally activated hydrotalcite 
by X-ray diffraction and vibrational spectroscopic techniques. 
 
EXPERIMENTAL  
 
Synthesis of hydrotalcite compounds:  
 
 A mixed solution of aluminium and zinc nitrates ([Al3+] = 0.25M and [Zn2+] = 
0.75M; 1M = 1mol/dm3) and a mixed solution of sodium hydroxide ([OH-] = 2M) and 
the carbonate anion as sodium carbonate, at the appropriate concentration, were 
placed in two separate vessels and purged with nitrogen for 20 minutes (all 
compounds were dissolved in freshly decarbonated water). The cationic solution was 
added to the anions via a peristaltic pump at 40mL/min and the pH maintained above 
9. The mixture was then aged at 75°C for 18 hours under a N2 atmosphere. The 
resulting precipitate was then filtered thoroughly with room temperature decarbonated 
water to remove nitrates and left to dry in a vacuum desiccator for several days.  The 
phase composition was checked by X-ray diffraction.  In order to make a thermally 
activated hydrotalcite, the Zn/Al HT is formed with carbonate anion in the interlayer. 
Thermal activation of this HT results in the removal or partial removal of the 
carbonate anion from the HT interlayer. 
 
Nitrate absorption 
 
The hydrotalcite was heated at 255°C for 4 hours in order to destroy the 3-
dimensional structure of the hydrotalcite and remove carbonate. The thermally 
activated powder (3.3g) was then placed in a large excess of decarbonated sodium 
nitrate solution (0.1M, 350mL, pH ~ 12.5) and stirred under a nitrogen atmosphere. 
Aliquots (50mL) were taken out at regular intervals, ensuring the nitrogen atmosphere 
was not disturbed. The resultant solution was vacuum filtered and rinsed once with 
freshly decarbonated water. The hydrotalcite was then left to dry in a vacuum 
desiccator to minimise exchange of nitrate ions in the interlayer for carbonate ions 
present in the air. It should be noted that sodium nitrate was used for testing the nitrate 
absorption process. Monovalent cations will not be absorbed or exchanged in the 
hydrotalcite in the reformation process. 
 
 
X-ray diffraction 
 
 X-Ray diffraction patterns were collected using a Philips X'pert wide angle X-
Ray diffractometer, operating in step scan mode, with Cu Kα radiation (1.54052 Å). 
Patterns were collected in the range 3 to 90° 2θ with a step size of 0.02° and a rate of 
30s per step. Samples were prepared as a finely pressed powder into aluminium 
sample holders. The Profile Fitting option of the software uses a model that employs 
twelve intrinsic parameters to describe the profile, the instrumental aberration and 
wavelength dependent contributions to the profile. 
 
Infrared spectroscopy 
 
 Infrared spectra were obtained using a Nicolet Nexus 870 FTIR 
spectrometer with a smart endurance single bounce diamond ATR cell. Spectra over 
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the 4000−525 cm-1 range were obtained by the co-addition of 64 scans with a 
resolution of 4 cm-1 and a mirror velocity of 0.6329 cm/s. Spectra were co-added to 
improve the signal to noise ratio. 
 
Raman microprobe spectroscopy 
 
Hydrotalcite or nitrate absorbed thermally activate hydrotalcite crystals were 
placed and orientated on a polished metal surface on the stage of an Olympus BHSM 
microscope, which is equipped with 10x and 50x objective lenses. The microscope is 
part of a Renishaw 1000 Raman microscope system, which also includes a 
monochromator, a filter system and a Charge Coupled Device (CCD). Raman spectra 
were excited by a Spectra-Physics model 127 He-Ne laser (633 nm) at a resolution of 
2 cm-1 in the range between 100 and 4000 cm-1.  Repeated acquisition, using the 
highest magnification, was accumulated to improve the signal to noise ratio in the 
spectra. Spectra were calibrated using the 520.5 cm-1 line of a silicon wafer.  Powers 
of less than 1 mW at the sample were used to avoid laser induced degradation of the 
sample [6-8].  Slight defocusing of the laser beam also assists in the preservation of 
the sample.  
 
Spectroscopic manipulation such as baseline adjustment, smoothing and 
normalisation were performed using the Spectracalc software package GRAMS 
(Galactic Industries Corporation, NH, USA). Band component analysis was 
undertaken using the Jandel ‘Peakfit’ software package, which enabled the type of 
fitting function to be selected and allows specific parameters to be fixed or varied 
accordingly. Band fitting was done using a Lorentz -Gauss cross-product function with 
the minimum number of component bands used for the fitting process. The Lorentz -
Gauss ratio was maintained at values greater than 0.7 and fitting was undertaken until 
reproducible results were obtained with squared correlations of r2 greater than 0.995. 
RESULTS AND DISCUSSION 
 
X-ray diffraction of the thermally activated hydrotalcite and the nitrate 
adsorbed hydrotalcite 
 
In order to absorb the nitrate anion from an aqueous medium, the hydrotalcite 
[HT} (Zn,Al with carbonate anion in the interlayer) is thermally activated to an 
appropriate temperature selected from the TG pattern of the thermally decomposed 
hydrotalcite. This temperature is selected by undertaking a series of experiments to 
see at which temperature the maximum amount of nitrate is adsorbed. The thermally 
decomposed hydrotalcite must be kept in an inert dry atmosphere otherwise the 
hydrotalcite will absorb atmospheric carbon dioxide. This thermally activate 
hydrotalcite is then added as obtained to the nitrate contaminated solution. The X-ray 
diffraction patterns for the nitrate interlayered hydrotalcites as a function of 
absorption time are shown in Figure 1. This figure shows the XRD pattern for the 
synthesised Zn/Al hydrotalcite and the thermally activated hydrotalcite. 
The XRD pattern of the hydrotalcite (top diffractogram) clearly shows the pattern of a 
typical hydrotalcite and may be compared with the reference pattern JCPDS 00-048-
1025. A perfect match is observed. The hydrotalcite is thermally activated by heating 
to above the decomposition temperature of 255 °C. This temperature was chosen 
based upon the thermal analysis results. These results show that dehydration, 
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dehydroxylation and loss of carbonate has occurred by this temperature. Figure 1 
shows the XRD pattern of the thermally activated hydrotalcite and this pattern 
corresponds to that of ZnO.  The thermal activation of the hydrotalcite results in the 
destruction of the layered structure. Upon addition of the thermally activated 
hydrotalcite to an aqueous solution containing sodium nitrate the so-called ‘memory’ 
effect or reformation effect of hydrotalcites comes into play. Hydrotalcites after 
thermal decomposition will regain their original structure providing the compound is 
not heated to too high a temperature. The XRD patterns of the nitrate adsorbed HT 
shows a d(003) spacing of 0.76 nm. 
 
Hydrotalcite normally has a d(003) spacing of 0.79 nm [9-12]. The sulphate 
interlayered hydrotalcite has a spacing of 0.80 nm.  The nitrate absorbed hydrotalcite 
does not show any amorphicity. The d(003) spacing of the nitrate absorbed 
hydrotalcite is 0.76 nm.  In comparison, the d(003) spacing for the sulphate, chromate 
and molybdate interlayered hydrotalcites are 0.80, 0.798 and 0.797 nm respectively. 
Such values are close to the d-spacing values reported for the natural hydrotalcite with 
sulphate in the interlayer. The final products of the thermal decomposition of the 
carbonate interlayered hydrotalcite are ZnO and ZnAl2O4 (spinel).  This observation 
means that the carbonate anion is lost during the thermal decomposition process. This 
effect may be observed in Figure 1 where the XRD pattern of a hydrotalcite is 
restored after only thirty minutes. Figure 1a shows the XRD patterns over the 5 to 75 
degrees two theta range and Figure 1b shows the expanded d(003) region. The XRD 
pattern for the reformed hydrotalcite does not change on further exposure of the 
thermally activated HT to the aqueous media. The d(003) spacing of 0.762 nm is 
observed.  The intensity of the d(003) peak increases with time and is at a maximum 
after 21 hours.  The value of the d(003) spacing does not change with time.  
 
Raman spectroscopy 
 
 X-ray diffraction determines the basal spacings of the reformed hydrotalcite 
but this technique offers no information about the anions in the interlayer. Vibrational 
spectroscopic techniques especially Raman spectroscopy enables the identification of 
the interlayer anions. Indeed Raman spectroscopy may identify mixtures of anions in 
the interlayer.   
 
 The Raman spectra in the 1030 to 1080 cm-1 region of (a) the original 
hydrotalcite and (b) the reformed hydrotalcite as a function of reformation time are 
shown in Figure 2.  The spectrum of the original hydrotalcite shows a strong band at 
1060 cm-1 attributed to the (CO3)2- symmetric stretching mode. In the Raman 
spectrum of the reformed hydrotalcite after 30 minutes three bands are observed at 
1062, assigned to the (CO3)2-, and 1055 and 1045 cm-1 assigned to the(NO3)- 
symmetric stretching modes. The band at 1062 cm-1 assigned to the (CO3)2- anion may 
result because the temperature to which the HT was thermally activated did not 
remove all of the carbonate anion. Two bands are observed for nitrate anion indicating 
two different types of nitrate anion in the interlayer HT structure. If the HT is heated 
to too high a temperature then the formation of ZnO results and the HT is no longer as 
effective in removing the nitrate anions.   
 
Two bands are observed for the (NO3)- units which are attributed to nitrate 
anions bonded to the hydroxyl surface and secondly to ‘free’ aquated nitrate anions in 
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the hydrotalcite interlayer. This spectrum shows that the thermally activated 
hydrotalcite is most useful in soaking up nitrate anions from an aqueous solution. The 
presence of some residual carbonate in the thermally activated HT may be beneficial 
in the soaking up of the nitrate anions. The Raman spectrum of the reformed HT is 
obtained from the solid. Figure 2 shows the increase in the carbonate anion as time 
proceeds. The spectra show that the nitrate anion is replaced by the carbonate anion as 
the HT is exposed to the atmosphere.   
 
 After 1 hour absorption, the same three bands are observed but the nitrate 
bands at 1056 and 1047 cm-1 show diminished intensity.  The nitrate anion is being 
replaced by the carbonate anion in the solid state after the reformed hydrotalcite has 
been removed from the solution. This trend continues for the other samples. After 2 
hours, two bands are observed at 1068 and 1062 cm-1 with some intensity at 1049  
cm-1 (nitrate)  The first two bands are ascribed to the carbonate anion in two different  
hydrogen bond arrangements. The band at 1068 cm-1 is assigned to carbonate anion 
bonded to the hydroxyl surface and the band at 1062 cm-1 to carbonate bonded to 
water in the hydrotalcite layer. The presence of a mixture of nitrate and carbonate in 
the interlayer is confirmed by bands at 1345 cm-1 in the infrared spectrum(Figure 3).  
This figure displays the infrared spectra as a function of the time of HT reformation. 
Bands are observed at around 1398 and 1355 cm-1 and are assigned to nitrate ν3 
antisymmetric stretching modes. The infrared band at 1642 cm-1 is assigned to 
reasonably strongly hydrogen bonded water in the HT interlayer. The presence of both 
nitrate and carbonate in the interlayer leads to the proposition that the carbonate anion 
in the interlayer enhances the uptake of other anions such as nitrate during the 
reformation of the hydrotalcite. 
CONCLUSIONS  
 
Hydrotalcites have the property known as the ‘structural memory effect’. This effect 
means that hydrotalcites can be thermally activated by heating to ~250 °C. At this 
temperature the HT has been dehydrated, dehydroxylated and partly decarbonated. 
Addition of the thermally activated HT to an aqueous solution containing the nitrate 
anion results in the removal of the anion. 
 
 This research has shown that  
a) Thermally activated HT can be used to remove anions from aqueous systems. 
b) The nitrate anions are removed quickly on contact with the thermally activated 
HT 
c) XRD shows the reformed HT has a d(003) spacing of 7.60 Å 
d) Raman spectroscopy identifies the presence of the nitrate anion in the 
interlayer 
e) Two types of nitrate anions are identified  
f) The nitrate anion is replaced by carbonate on standing 
g) Two types of carbonate anion are identified.  
   
  
Acknowledgments 
 
 6
The financial and infra-structure support of the Queensland University of Technology 
Inorganic Materials Research Program is gratefully acknowledged. The Australian 
Research Council (ARC) is thanked for funding the instrumental facilities.   
 
 7
 
References 
 
[1]. H. C. B. Hansen and C. B. Koch, Applied Clay Science 10 (1995) 5. 
[2]. G. Lichti and J. Mulcahy, Chemistry in Australia 65 (1998) 10. 
[3]. Y. Seida and Y. Nakano, Journal of Chemical Engineering of Japan 34 (2001) 
906. 
[4]. Y. Roh, S. Y. Lee, M. P. Elless and J. E. Foss, Clays and Clay Minerals 48 
(2000) 266. 
[5]. K. L. Erickson, T. E. Bostrom and R. L. Frost, Materials Letters 59 (2004) 
226. 
[6]. W. Martens, R. L. Frost, J. T. Kloprogge and P. A. Williams, Journal of 
Raman Spectroscopy 34 (2003) 145. 
[7]. R. L. Frost, W. Martens, J. T. Kloprogge and P. A. Williams, Journal of 
Raman Spectroscopy 33 (2002) 801. 
[8]. R. L. Frost, W. N. Martens and P. A. Williams, Journal of Raman 
Spectroscopy 33 (2002) 475. 
[9]. J. T. Kloprogge and R. L. Frost, Journal of Solid State Chemistry 146 (1999) 
506. 
[10]. J. T. Kloprogge and R. L. Frost, Tijdschrift voor Klei, Glas en Keramiek 21 
(2000) 7. 
[11]. H. D. Ruan, R. L. Frost, J. T. Kloprogge and L. Duong, Spectrochimica Acta, 
Part A: Molecular and Biomolecular Spectroscopy 58 (2002) 265. 
[12]. J. T. Kloprogge, D. Wharton, L. Hickey and R. L. Frost, American 
Mineralogist 87 (2002) 623. 
 8
List of Figures 
 
Figure 1 X-ray diffraction patterns of Zn/Al hydrotalcite, thermally activated 
hydrotalcite. The time in hours is the time after reformation of the 
hydrotalcite. 
 
Figure 2 Raman spectra of the 1030 to 1830 cm-1 region of nitrate absorbed 
hydrotalcite, thermally activated hydrotalcite and the untreated hydrotalcite. 
The time in hours is the time after reformation of the hydrotalcite. 
 
 
Figure 3 Infrared spectra of the 1250 to 1750 cm-1 region of nitrate absorbed 
hydrotalcite, thermally activated hydrotalcite and the untreated hydrotalcite. 
The time in hours is the time after reformation of the hydrotalcite. 
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Figure 1 
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Figure 2 
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Figure 3 Infrared 
 
